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(54) Trainable rf transmitter having expanded learning capabilities 

(57) A trainable transmitter is disclosed that is capa- 
ble of learning and replicating both AM and FM signals. 
The disclosed trainable transmitter also has the capac- 
ity to learn and replicate RF signals in both the 27 MHz 
to 40 MHz and the 250 MHz to 450 MHz frequency 
bands commonly used in European garage door open- 
ers. The disclosed trainable transmitter allows an indi- 
vidual to input an identification of the country in which 
the trainable transmitter will be operated such that the 
trainable transmitter may then transmit the learned sig- 
nals at the maximum levels permitted for the identified 
county. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention generally relates to train- 
able transmitters, and more particularly relates to vehi- 
cle-installed trainable transmitters capable of learning 
the carrier frequency, modulation scheme, and data 
code of a received radio frequency (RF) signal. 
[0002] Trainable transmitters are known that are capa- 
ble of learning the RF carrier frequency and code of a 
received RF signal for purposes of subsequently gener- 
ating and transmitting a modulated RF signal having the 
learned characteristics on demand. Examples of such 
RF trainable transmitters are disclosed in United States 
Patent Nos. 5.583,485; 5.614,885; and 5,379,453 and 
Italian Patent No. 1 .261 , 1 50. Such trainable transmitters 
were designed for implementation in a vehicle acces- 
sory such that they can be used to learn the character- 
istics of a signal transmitted from an original transmitter 
associated with a garage door opening mechanism. 
When used in this manner, the trainable transmitter can 
effectively replace the original transmitter while provid- 
ing a clean, neat appearance in the interior of the vehi- 
cle. Further, these trainable transmitters can be trained 
to learn more than one activation signal thereby elimi- 
nating the need to have more than one transmitting 
device within a vehicle. 

[0003] Because some original garage door transmit- 
ters sold in the United States utilize different modulation 
schemes that affect the manner in which the received 
data code is best encoded and stored in the memory of 
the trainable transmitters, trainable transmitters were 
developed that distinguish between different modulation 
schemes present in a received signal in order to encode 
such signals in different manners. Commonly-assigned 
United States Patent Nos. 5,479.155; 5,614,891; 
5.661,804; and 5.686,903 disclose trainable transmit- 
ters having this added capability. 
[0004] In the United States, the Federal Communica- 
tions Commission (FCC) enforces regulations pertain- 
ing to the permissible power output of RF signals within 
certain frequency bands. In the United States, the FCC 
has designated the frequency band of 200 to 400 MHz 
for use by RF transmitters of a class including garage 
door opening transmitters. Because the FCC permits 
different power levels within this band based on the car- 
rier frequency and duty cycle of the signal and because 
garage door opening transmitters may have carrier fre- 
quencies falling anywhere within this band, trainable 
transmitters of the type manufactured by the assignee 
preferably include variable attenuators or amplifiers for 
varying the amplitude of a transmitted signal in order to 
transmit the maximum power permitted by the FCC 
throughout the 200 to 400 MHz band. Trainable trans- 
mitters having this capability are described in com- 
monly-assigned United States Patent Nos. 5,442,340; 
5,479,155; 5.614.891; and 5,686.903. 
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[0005] To enhance security of garage door opening 
mechanisms, manufacturers have implemented crypto- 
graphic algorithms in their original transmitters and 
receivers that transmit and respond to randomly varying 

5 codes. To enable a vehicle-installed trainable transmit- 
ter to effectively operate in such systems, a trainable 
transmitter was developed that has the capability of rec- 
ognizing when a received signal has been originated 
from a transmitter that generates a code that varies with 

w each transmission in accordance with a cryptographic 
algorithm. When such a variable code is recognized, the 
trainable transmitter determines which cryptographic 
algorithm is used to vary the code from one actuation to 
the next in order to generate and transmit the next code 

is to which the receiver will respond. A trainable transmit- 
ter having this capability is disclosed in commonly- 
assigned United States Patent No. 5,661,804. 
[0006] Trainable transmitters of the type described 
above have found other applications and uses within a 

20 vehicle. For example, the receiving circuitry in such 
trainable transmitters may be used to receive and 
respond to an RF signal transmitted from a remote key- 
less entry (RKE) key fob to lock and unlock the vehicle's 
doors and to arm and disarm the vehicle's security sys- 

25 tern. Such trainable transmitters are disclosed in com- 
monly-assigned United States Patent Nos. 5,614.885; 
5.619.190; 5.627.529; and 5.646.701. Additionally, as 
disclosed in United States Patent No. 5.661.651. the 
receiving circuitry in a trainable transmitter may also be 

30 used to receive vehicle parameter data, such as tire 
pressure, from transmitters connected to parameter 
sensors that are mounted within the vehicle. Such an 
arrangement allows for various vehicle parameters to be 
monitored and displayed without requiring any addi- 

35 tional wiring. 

[0007] The trainable transmitters described above 
were developed primarily for use in North America. One 
problem encountered in developing a trainable transmit- 
ter for use in Europe arises from the use in Europe of 

40 RF carrier frequencies over a much greater bandwidth 
than is used in North America. For example, garage 
door manufacturers sell systems in Europe that transmit 
at frequencies between a first band of 27 and 40 MHz 
and between a higher second band of 418 and 433 

45 MHz. The use of carrier frequencies that vary from one 
another so considerably, poses many practical prob- 
lems when designing a trainable transmitter that must 
be capable of learning and subsequently transmitting 
signals at those carrier frequencies. One such problem 

so relates to the fact that it is difficult to design a single 
antenna that is efficient at transmitting signals having 
carrier frequencies falling within both the first and sec- 
ond bands. To solve this problem, PCT Application No. 
WO 94/02920 discloses a trainable transmitter including 

55 two different transmitting antennas for transmitting sig- 
nals in the two respective frequency bands, as well as a 
third antenna for receiving signals from within both fre- 
quency bands. Another problem relating to the trans- 
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mission of signals in the two frequency bands arises 
from the fact that voltage controlled oscillators (VCO) 
used to generate a carrier signal at such frequencies, 
become extremely complex and expensive if required to 
generate earner signals at frequencies over such a 
broad range. To avoid this problem, the trainable trans- 
mitter disclosed in PCT Application No. WO 94/02920, 
uses two separate VCOs that may be used to generate 
the carrier signals within the lower and upper frequency 
bands. However, the use of two oscillators nonetheless 
adds to the expense of the device. 
[0008] In many countries in Europe, garage door 
opening systems are sold that transmit, receive, and 
respond to frequency modulated (FM) RF signals. 
Because essentially all garage door opening systems 
sold in North America transmit, receive, and respond to 
amplitude modulated (AM) RF signals and because the 
•trainable transmitters described above (with the excep- 
tion of those described in PCT Application No. WO 
94/02920 and Italian Patent No. 1 ,226.150) were devel- 
oped primarily for use in North America, those trainable 
transmitters do not have the capacity to learn and 
retransmit an FM signal. The trainable transmitters dis- 
closed in PCT Application No. WO 94/02920 and Italian 
Patent No. 1,261,150, do not have the capability of 
receiving, learning, and retransmitting an FM signal. 
Thus, the prior trainable transmitters are not capable of 
learning all the various signals used in European 
garage door opening systems. 

[0009] An additional problem in developing a trainable 
transmitter for use in Europe, is to provide the capability 
in the trainable transmitter to transmit the learned sig- 
nals at the maximum power levels permitted under all 
the different regulations of the various countries within 
Europe. Insofar as the above-described trainable trans- 
mitters only vary the amplitude of the transmitted sig- 
nals based upon the regulations passed by the United 
States government (if the amplitude is varied at all), and 
the regulations imposed in marry countries in Europe 
are cfifferent from those in the United States, such prior 
trainable transmitters do not account for these different 
regulations and therefore do not transmit signals at the 
maximum power levels allowed by each European 
country. 

SUMMARY OF THE INVENTION 

[001 0] It is an aspect of the present invention to pro- 
vide a trainable transmitter capable of learning all the 
variations of signals used in Europe for remotely con- 
trolling garage door opening systems as well as other 
devices that may be remotely controlled in response to 
an RF signal. It is therefore another aspect of the 
present invention to solve the above-identified problems 
associated with prior trainable transmitters with respect 
to learning the various forms of signals currently used in 
Europe. An additional aspect of the invention is to pro- 
vide a trainable transmitter for learning the characteris- 



tics of a received FM RF signal and for subsequently 
transmitting an FM RF signal having the learned char- 
acteristics to a remote device. 

[001 1 ] To achieve these and other aspects and advan- 
5 tages, the trainable transmitter according to the present 
invention comprises a receiver for receiving an FM RF 
signal, a controller coupled to the receiver for identifying 
and storing signal characteristics including the RF car- 
rier frequency code of the received modulated RF sig- 
10 nal. and a transmitting circuit coupled to the controller 
for receiving the stored signal characteristics and for 
generating and transmitting an FM RF signal having the 
learned signal characteristics. By also providing means 
for discriminating between a received FM signal and a 
is received AM signal, the trainable transmitter of the 
present invention may learn and retransmit both types 
of signals. 

[0012] Another aspect of the present invention is to 
provide a trainable transmitter that transmits the maxi- 
mum power levels permitted under the regulations of 
the country in which the trainable transmitter is to be 
operated. To achieve this and other aspects and advan- 
tages of the present invention, a trainable transmitter 
constructed in accordance with the present invention 
comprises a receiver for receiving an activation signal, 
and a memory having a plurality of sets of amplitude 
control data stored therein, each set of amplitude con- 
trol data including amplitude control data representing 
different permissible amplitude levels for different coun- 
tries in which the trainable transmitter may be operated. 
The transmitter further includes means for allowing the 
selection of one of the sets of amplitude control data 
based upon the country in which the trainable transmit- 
ter is to be operated, and a controller operable in a 
learning mode and an operating mode. The controller is 
coupled to the receiver for generating and storing data 
corresponding to the RF carrier frequency and code of 
the received activation signal when in the learning 
mode. When in the operating mode, the controller pro- 
vides output data which identifies the RF carrier fre- 
quency and code of the received activation signal and 
amplitude control data read from the selected set of 
amplitude control data stored in the memory. The trans- 
mitter further includes a signal generator coupled to the 
controller for receiving output data and for generating a 
modulated RF carrier signal representing the received 
activation signal. Additionally, the trainable transmitter 
includes an amplitude control circuit coupled to the sig- 
nal generator and to the controller for receiving ampli- 
tude control data from the controller to selectively 
control the amplitude of the modulated RF carrier signal 
received from the signal generator at an amplitude level 
indicated by the received amplitude control data, and for 
transmitting an amplitude-controlled output signal. 
[001 3] Yet another aspect of the invention is to provide 
a trainable transmitter capable of transmitting signals at 
both the high and low frequency bands used in Europe 
without requiring the use of two separate VCOs or a 
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complex and expensive VCO that generates signals 
throughout both high and low frequency bands. To 
achieve this and other aspects and advantages, a train- 
able transmitter constructed in accordance with the 
present invention comprises a receiver for receiving an 5 
RF signal, a controller coupled to the receiver for identi- 
fying the characteristics of the RF signal inducfing an 
RF carrier frequency and code of the received RF sig- 
nal. Additionally, the trainable transmitter includes a sig- 
nal generating circuit coupled to the controller for 10 
receiving the stored signal characteristics and for gen- 
erating and transmitting a modulated RF signal having 
the learned signal characteristics. The signal generating 
circuit includes an oscillating circuit for generating fre- 
quencies within a first higher frequency band and a fre- 15 
quency divider selectively coupled between an output 
terminal of the signal generating circuit and the oscilla- 
tor to selectively reduce the frequency of the signal out- 
put from the signal generating circuit to frequencies 
within a second lower frequency band, the frequency 20 
band being selected by the controller. 
[0014] These and other features, advantages, and 
objects of the present invention will be further under- 
stood and appreciated by those skilled in the art by ref- 
erence to the following specification, claims, and 25 
appended drawings. 

BRIEF PESCRIPTION OF T HE PPAW1NQS 

[0015] In the drawings: 30 

Fig. 1 is a fragmentary perspective view of a vehicle 
interior having an overhead console for housing the 
trainable transmitter of the present invention; 
Fig. 2 is a perspective view of a trainable transmitter 35 
of the present invention; 

Fig. 3 is a perspective view of a visor incorporating 
the trainable transmitter of the present invention; 
Fig. 4 is a perspective view of a mirror assembly 
incorporating the trainable transmitter of the 40 
present invention; 

Fig. 5 is an electrical circuit diagram in partial block 
in schematic form, of the circuitry forming a traina- 
ble transmitter constructed in accordance with the 
present invention; 45 
Fig. 6 is a detailed electrical circuit diagram in par- 
tial block and schematic form, of the circuitry form- 
ing a portion of the trainable transmitter constructed 
in accordance with the present invention; and 
Figs. 7A-7D are flowcharts illustrating the operation so 
of the trainable transmitter of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

55 

[0016] Fig. 2 shows a trainable transmitter 43 of the 
present invention. Trainable transmitter 43 includes 
three pushbutton switches 44, 46, and 47, a light emit- 
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ting diode (LED) 48, and an electrical circuit board and 
associated circuits (Figs. 5 and 6) that may be mounted 
in a housing 45. As explained in greater detail below, 
switches 44, 46. and 47 may each be associated with a 
separate garage door or other device to be controlled. 
Trainable transmitter housing 45 is preferably of appro- 
priate dimensions for mounting within a vehicle acces- 
sory such as an overhead console 50 as shown in Fig. 
1. In the configuration shown in Fig. 1, trainable trans- 
mitter 43 includes electrical conductors coupled to the 
vehicle's electrical system for receiving power from the 
vehicle's battery. Overhead console 50 includes other 
accessories such as map reading lamps 52 controlled 
by switches 54. It may also include an electronic com- 
pass and display (not shown). 

[0017] Trainable transmitter 43 may alternatively be 
permanently incorporated in a vehicle accessory such 
as a visor 51 (Fig. 3) or a rearview mirror assembly 53 
(Fig. 4). Although trainable transmitter 43 has been 
shown as incorporated in a visor and mirror assembly 
and removably located in an overhead console com- 
partment, trainable transmitter 43 could be permanently 
or removably located in the vehicle's instrument panel or 
any other suitable location within the vehicle's interior. 

System Hardware 

[001 8] Fig. 5 shows the electrical circuit 1 00 of traina- 
ble transmitter 43 in block and schematic form. Electri- 
cal circuit 100 includes a microprocessor-based 
controller 110 preferably including an 8-bit analog-to- 
digital (A/D) converter 112, a read-only memory (ROM) 
114, and a random access memory (RAM) 116. It will 
be appreciated by those skilled in the art that A/D con- 
verter 112. ROM 114, and RAM 1 1 6 may be provided as 
separate elements connected to a microprocessor or 
may be formed within the microprocessor "itself as 
shown in Fig. 5. Similarly, a nonvolatile memory (NVM) 
1 1 8 may be provided and connected separate from con- 
troller 1 10 or may be provided as an integral part of the 
microprocessor forming controller 110. A suitable con- 
troller for this purpose is microcontroller PIC 16C73A 
available from Microchip Technology Inc. NVM 1 1 8 pref- 
erably provides at least 4k bytes of RAM. 
[0019] Electrical circuit 100 further includes a user 
interface 120 coupled to controller 110. User interface 
120 generically refers to switches 44, 46. and 47 as well 
as an indicating device such as LED 48. It will be appre- 
ciated, however, that user interface 120 may include a 
display for displaying more explicit instructions and 
information to the user. As descrtoed in more detail 
below, the switches in user interface 1 20 are provided to 
input information into controller 1 10 causing it to enter 
either a transmitting mode or a training mode with 
respect to a channel associated with the activated push- 
button switch. In the preferred implementation of the 
present invention, controller 110 associates one sepa- 
rate channel with each of switches 44, 46, and 47. 
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When one of switches 44. 46. or 47 is actuated, control- 
ler 110 monitors how long the switch is actuated to 
determine whether it is to transmit a signal using the 
associated stored channel data or to enter a training 
mode whereby it learns and stores characteristics of a 5 
received RF signal A transmitted from an original trans- 
mitter 135 associated with a remotely actuated device 
140 or 142. 

[0020] To receive an RF signal A from original trans- 
emitter 135. trainable transmitter circuit 100 is provided 10 
with a receiving antenna 130, which converts the 
received electromagnetic RF signal into an electrical RF 
v signal that is output on line 131 to a mixer 136. As 
shown in Fig. 6. receiving antenna 130 may be formed 
of a printed strip antenna 1 32 connected in series with is 
an inductor 134. 

[0021 ] Mixer 1 36 mixes the received RF signal sup- 
plied on line 131 with a reference signal supplied on line 
221. As explained in more detail below, controller 110 
. controls a signal generator to generate the reference 20 
signal supplied to mixer 136 on line 221 . The output of 
mixer 136 is provided on line 137 to the input of a wide- 
band bandpass filter 144. Wide-band bandpass filter 
1 44 is preferably constructed to allow signals having fre- 
quencies at 455 kHz ± 400 kHz to pass therethrough. 25 
Thus, wide-band bandpass filter 144 only outputs a sig- 
nal when the difference between the frequency of the 
reference signal supplied to mixer 136 on line 221 and 
the RF carrier frequency of the received RF signal sup- 
plied to mixer 136 on line 131 is between 55 kHz and 30 
855 kHz. 

[0022] When a signal is output from wide-band band- 
pass filter 144, it is amplified by an amplifier 146 prior to 
being supplied to the input of a filter bypass switch 148. 
Filter bypass switch 148 is controlled by controller 110 35 
via line 149 to selectively connect or bypass a narrow- 
band bandpass fflter 150. Narrow-band bandpass filter 
150 is preferably constructed to allow signals having fre- 
quencies of 455 kHz ± 3 kHz to pass therethrough. 
Thus, depending upon the state of filter bypass switch 40 
148, the output of narrow-band bandpass filter 150 or 
the amplified output of wide-band bandpass filter 144 is 
supplied to the input of a limiter amplifier 152. One out- 
put of limiter amplifier 152 is coupled to the input of a 
quadrature frequency discriminator 1 56, which converts 45 
an FM signal into an analog binary signal. In a preferred 
implementation, mixer 136, amplifier 146, limiter ampli- 
fier 152, and quadrature frequency discriminator 156 
are provided in the form of integrated circuit part No. 
SA625DK available from Phillips Semiconductor. With so 
such an implementation, however, the ceramic discrimi- 
nator typically used in such quadrature frequency dis- 
criminators (156) is connected external to such an 
integrated circuit. 

[0023] An FM data slicer 1 58 is coupled to the muted ss 
and unmuted audio outputs of quadrature frequency 
discriminator 156 to digitize the analog binary output 
signal prior to supplying the signal to controller 1 10 for 



analysis and storage. An AM data slicer 154 is provided 
to digitize a received signal strength indicator (RSSI) 
AM data output from integrated circuit part No. 
SA625DK. The RSSI signal is essentially an analog 
envelope signal corresponding to the amplitude of the 
received RF signal but having the carrier signal compo- 
nents removed. AM data slicer 154 digitizes the AM sig- 
ned and supplies the digitized signal to controller 1 10 for 
further processing. The RSSI output is also supplied to 
A/D converter 1 12 in controller 1 10. As explained fur- 
ther below, controller 110 determines whether a 
received signal is AM or FM based upon the levels of 
the RSSI signals obtained from the received signal. 
[0024] As mentioned above, trainable transmitter cir- 
cuit 100 further includes a signal generator 159 for gen- 
erating reference signals that are supplied to mixer 136. 
Signal generator 159 includes a signal generating cir- 
cuit 200 and a frequency synthesis and control circuit 
160. As shown in Fig. 6, the primary component of sig- 
nal generating circuit 200 is a VCO 202 that generates 
an RF signal having a frequency that is a function of the 
voltage level applied to its frequency control input termi- 
nal. The voltage level applied to the frequency control 
input terminal of VCO 202 is controlled by frequency 
synthesis and control circuit 160. which primarily 
includes a phase-locked loop (PLL) circuit 170. PLL cir- 
cuit 170 receives frequency control data from controller 
1 10 via line 165. and responds to this frequency control 
data by making any necessary adjustments to the volt- 
age level applied to the frequency control input terminal 
of VCO 202 via line 169. More specifically. PLL circuit 
1 70 divides the frequency of a reference signal supplied 
from a reference signal generating circuit 173 and the 
frequency of the VCO output received on a feedback 
line 167 in accordance with a ratio dictated by the fre- 
quency control data. PLL circuit 170 then compares the 
divided reference frequency with the divided VCO out- 
put frequency to determine whether the voltage applied 
on line 169 to the frequency control input terminal of 
VCO 202 needs to be increased or decreased to adjust 
the VCO's output frequency to correspond to the 
divided reference frequency. 

[0025] As shown in Fig. 6, the reference signal gener- 
ating circuit 173 includes a crystal oscillator 172, which 
preferably oscillates at a fixed frequency of 20 MHz. and 
a circuit 1 75 functioning as frequency deviation means 
for introducing frequency deviation for FM transmis- 
sions. During the training mode and during transmission 
of AM signals, the frequency deviation circuit 1 75 is not 
operated such that the frequency of the reference signal 
supplied to PLL circuit 170 is not altered. Frequency 
deviation circuit 1 75 includes first and second capaci- 
tors 174 and 176 coupled to opposite ends of crystal 
oscillator 172 and third and fourth capacitors 178 and 
180 that are selectively coupled in series between 
respective first and second capacitors 1 74 and 1 76 and 
ground. To selectively bypass third and fourth capaci- 
tors 178 and 180, first and second switches 182 and 
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184 are connected in parallel with capacitors 178 and 
180. Switches 182 and 184 are driven between conduc- 
tive and nonconductive states by frequency modulation 
data provided from controller 1 10 via lines 161 and 163, 
respectively. By utilizing capacitors having two different 
capacitances for capacitors 178 and 180. two different 
deviation frequencies may be imposed in the generated 
signal for FM modulation. In a preferred construction, 
capacitors 174 and 176 have a capacitance of 33 pF, 
capacitor 178 has a capacitance of 22 pF. and capacitor 
180 has a capacitance of 12 pF. Provided crystal oscil- 
lator 172 generates a signal with a frequency of 20 
MHz, controller 110 may obtain a deviation frequency of 
4.6 kHz in the reference signal supplied to PLL circuit 
170 by applying FM modulation data to switch 182 via 
line 161 and may obtain a 2.8 kHz deviation by applying 
the FM modulation data to switch 184 via line 163. By 
introducing such deviation frequencies to the reference 
signal supplied to PLL circuit 170. deviation frequencies 
of 7 kHz and 60 kHz for low-band and high-band sig- 
nals, respectively, may be introduced in the RF signal to 
be transmitted. The manner by which controller 110 
determines which, if any. of lines 161 and 163 to apply 
FM modulation data, is described in detail below. 
[0026] As shown in Fig. 6, frequency synthesis and 
control circuit 160 further includes a circuit coupled to 
the output of PLL circuit 170 including a capacitor 186 
coupled between output line 169 and ground, a capaci- 
tor 190 coupled in series with a resistor 192 between 
output line 169 and ground, and a resistor 188 coupled 
between PLL circuit 170 and a node between capacitor 
190 and resistor 192. The circuit coupled to the output 
of PLL circuit 170 is provided to prevent over-respon- 
siveness of VCO 202 to the voltage level output from 
PLL circuit 170. In a preferred embodiment. PLL circuit 
is implemented using part No. LMX2337 available from 
National Semiconductor Corporation. 
[0027] As described above, signal generating circuit 
200 includes VCO 202. VCO 202 is preferably con- 
structed to output frequencies within the range of 250 
MHz to 450 MHz. Given that this frequency range corre- 
sponds to the frequency range of conventional trainable 
transmitters used for transmitting signals in North Amer- 
ica, any VCO used in such devices may be used to 
implement VCO 202 in accordance with this invention. A 
specific example of one such VCO is disclosed in 
United States Patent No. 5.686,903 issued on Novem- 
ber 11. 1997. 

[0028] The signal generated by VCO 202 is supplied 
via line 209 to a switch 208 (Fig. 6) that is responsive to 
a frequency band select signal supplied by controller 
1 10 on line 203. When controller 1 10 selects the high 
frequency band (250 MHz to 450 MHz), switch 208 
directly connects VCO output line 209 to signal generat- 
ing circuit output line 201 such that the output signal of 
VCO 202 is directly output from signal generating circuit 
200. To enable signal generating circuit 200 to output 
signals having frequencies in a lower frequency band of 



27 MHz to 40 MHz. signal generating circuit 200 is pro- 
vided with a divide by 10 circuit 204 (also referred to 
herein as a frequency divider circuit), which receives the 
signal generated by VCO 202 and generates an output 

5 signal having a frequency that is one-tenth of that output 
from VCO 202. Thus, given a frequency range for VCO 
202 of 250 MHz to 450 MHz. signals may be generated 
by divide by 1 0 circuit 204 having frequencies anywhere 
in the range of 25 MHz to 45 MHz. A low pass filter 206 

10 is preferably coupled to the output of divide by 1 0 circuit 
204 to remove undesired harmonics that may be 
present in the output of circuit 204. By applying a low 
frequency band select signal to signal generating circuit 
200 via line 203. controller 110 may select the lower 

is (/.e., 25 MHz to 45 MHz band) through the actuation of 
switch 208 to couple the output of low pass filter 206 to 
output line 201. 

[0029] As shown in Figs. 5 and 6, the signal generated 
by signal generating circuit 200 is passed through an 

20 amplitude control circuit 210 and an amplitude modula- 
tion/filter circuit 220 prior to being applied via line 221 to 
an input of mixer 136. As discussed further below, 
amplitude control circuit 210 is provided to adjust the 
amplitude of the signal generated by signal generating 

25 circuit 200 in response to amplitude control data sup- 
plied from controller 210 via line 213. During a training 
mode, controller 1 10 maintains the amplitude of the ref- 
erence signal at a fixed optimum level for use by mixer 
136. 

30 [0030] Amplitude modulation/filter circuit 220 is pro- 
vided to modulate and filter the signal output from ampli- 
tude control circuit 210 on line 21 1 in response to AM 
modulation data generated by controller 110 on line 
223. During the training mode, controller 110 generates 

35 an appropriate nonvarying signal and supplies this sig- 
nal to amplitude modulation/filter circuit via line 223 to 
cause circuit 220 to pass the signal output from ampli- 
tude control circuit 210 on line 211 to pass directly 
through circuit 220 onto line 221 without being modu- 

40 lated. In this manner, mixer 136 receives a reference 
signal during the training mode that is neither amplitude 
modulated by circuit 220 or FM by frequency deviation 
circuit 1 75. Prior to describing the detailed operations of 
circuit 100 during a training mode, the portion of circuit 

45 1 00 that functions to transmit a modulated signal is first 
described below. 

[0031 ] The transmitting circuitry of trainable transmit- 
ter circuit 100 includes the aforementioned frequency 
synthesis and control circuit 160, signal generating cir- 

so cuit 200, amplitude control circuit 210, and amplitude 
modulation/filter circuit 220. and additionally includes an 
antenna select switch 230. a high-band transmit 
antenna 240, and a low-band transmit antenna 250. As 
explained in more detail below, during a training mode, 

55 controller 110 identifies the RF carrier frequency and 
data code of a received RF signal A and identifies 
whether the received signal is an AM or FM signal. Data 
representing the identified carrier frequency, data code, 
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and modulation type are stored by controller 110 for 
subsequent use to transmit a signal having these char- 
acteristics during a transmit mode. As noted above, 
controller 110 enters a transmit mode in response to the 
actuation of one of the switches of user interface 1 20 for 5 
a period that does not exceed a predetermined time 
threshold. Thus, when one of switches 44, 46. or 47 is 
actuated for transmission, controller 110 reads from 
NVM 1 1 8 the carrier frequency, data code, and modula- 
tion type stored for the channel associated with the 10 
actuated switch. 

[0032] If the signal to be transmitted is an AM signal, 
controller 110 supplies frequency control data repre- 
senting the desired carrier frequency to frequency syn- 
thesis and control circuit 160 via line 165 while holding is 
switches 1 82 and 1 84 of frequency deviation circuit 1 75 
in their current state by applying a non-aHering voltage 
level on lines 161 and 163. Further, depending upon 
whether the carrier frequency to be generated is in the 
high or low band, controller 1 10 transmits the appropri- 20 
ate band selection signal to signal generating circuit 200 
via line 203 to either bypass or output the signal from 
divide by 10 circuit 204. Thus, by applying the appropri- 
ate signals on lines 161. 163, 165. and 203. controller 
110 may cause signal generator 1 59 to generate a sig- 25 
nal having a nonvarying carrier frequency correspond- 
ing to the carrier frequency of an RF signal A received 
during the training mode. 

[0033] As described above, amplitude control circuit 
210 is responsive to amplitude control data supplied 30 
from controller 1 1 0 on line 21 3 to adjust the amplitude of 
the signal received from signal generating circuit 200 
via line 201 . As shown in Fig. 6, amplitude control circuit 
210 may include a variable attenuator 212 and a buffer 
circuit including a resistor 214 coupled to line 213, a 35 
capacitor 218 coupled between a second terminal of 
resistor 214 and ground, and a buffer 216 coupled 
between the second terminal of resistor 214 and an 
attenuation level control terminal of attenuator 212. 
Although the use of an attenuator is shown and 40 
described herein, it will be appreciated by those skilled 
in the art that a variable gain amplifier could likewise be 
used to increase, rather than decrease, the amplitude of 
the signal received from the signal generated. The 
amplitude control data delivered by controller 110 may 45 
be in the form of a pulse width modulated signal having 
a pulse width corresponding to the desired attenuation 
level. 

[0034] To enable the trainable transmitter of the 
present invention to comply with the regulations in each so 
and every country in which it may be operated, a plural- 
ity of sets of amplitude control data are preferably stored 
in NVM 1 18 for subsequent selection by an automobile 
dealer, distributor, or the vehicle owner. Each set of 
amplitude control data preferably corresponds to maxi- 55 
mum amplitude levels for RF signals transmitted by this 
type of device that are permitted for one or more of the 
plurality of countries in which the device may be oper- 



ated. Typically, the maximum permitted transmitted 
amplitude levels vary as a function of carrier frequency. 
Therefore, for a given set of amplitude control data, con- 
troller 110 may select the appropriate amplitude control 
data corresponding to the carrier frequency of the signal 
to be transmitted. 

[0035] To allow for the selection of a set of amplitude 
control data corresponding to the particular country in 
which the device is to be operated, user interface 120 
may be configured to allow a user or automobile dealer 
to identify which country the device will be operated 
such that controller 110 may respond to such input by 
selecting and thereafter utilizing the appropriate set of 
amplitude control data. 

[0036] As shown in Fig. 6, amplitude modulation/filter 
circuit 220 includes a modulator 222 in the form of an 
amplifier or gate that is capable of modulating the ampli- 
tude of the RF carrier signal input thereto on line 21 1 in 
response to an AM signal supplied from controller 1 10 
on line 223. The modulated signal output from modula- 
tor 222 is provided to a low pass filter 224 to remove any 
undesired harmonics from the modulated signal. Low 
pass filter 224 preferably has a cut-off frequency of 
approximately 433 MHz. Although low pass filter 206 is 
provided in signal generating circuit 200, this filter is not 
utilized for high-band signal generation as a result of the 
bypass 209. Such a construction is preferable insofar as 
low pass filter 206 may then be configured to have a cut- 
off frequency of 57 MHz, for example, to more closely fil- 
ter the lower frequencies passing therethrough without 
blocking any frequency signals intended to be transmit- 
ted in the higher frequency band. 
[0037] As shown in Fig. 5. trainable transmitter circuit 
100 utilizes two different transmitting antennas. Due to 
the need to transmit signals in the higher and lower fre- 
quency bands discussed above, two different types of 
antennas are utilized for transmitting in these respective 
bands in order to maximize the efficiency of signal 
transmission. Antenna select switch 230 is provided to 
selectively supply the modulated RF signal output from 
amplitude modulation/filter circuit 220 to either high- 
band transmit antenna 240 or low-band transmit 
antenna 250 via fines 231 or 233, respectively, in 
response to the frequency band select signal output 
from controller 1 10 on line 203. 

[0038] As shown in Fig. 6, high-band transmit antenna 
240 preferably includes a high-band loop antenna 242 
having one terminal connected to input line 231 via a 
high-band transmit amplifier 244, and its other end cou- 
pled to ground via one or more capacitors 246 and 248. 
Preferably, antenna 240 is a dynamically tunable 
antenna such that controller 1 10 may control the tuning 
of antenna 240 via line 241 a to adjust the impedance of 
the antenna to most efficiently transmit a signal having 
the selected carrier frequency. As shown in Fig. 6. 
antenna 242 may be tuned by selectively connecting 
capacitor 246 in parallel with capacitor 248 using a 
switch 245 that is responsive to a tuning control signal 
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supplied from controller 110 via line 241a. It will be 
appreciated that other configurations for dynamically 
tuning such an antenna may be used including the con* 
figuration disclosed in United States Patent No. 
5.686,903. Further, if antenna 240 is mounted in a visor, 5 
as illustrated in Fig. 3, a passive strip is preferably 
mounted in the visor in the manner disclosed in United 
States Patent No. 5.596,316 so as to increase the effi- 
ciency of transmission. 

[0039] Low-band transmit antenna 250 preferably 10 
includes a Ferrite core antenna 252 having one end 
connected to ground and the other end connected to the 
output of a low-band transmit amplifier 254. which has 
its input coupled to input line 233. Ferrite core antenna 
252 is preferably used to transmit the signals having fre- is 
quendes in the lower band due to its improved trans- 
mission performance characteristics with respect to 
signals having frequencies within the lower band. Like 
high-band transmit antenna 240, low-band transmit 
antenna 250 is preferably a dynamically tunable 20 
antenna. Such tuning may be accomplished by provid- 
ing two capacitors 256 and 258. which may be selec- 
tively and independently coupled between the output of 
amplifier 254 and ground. To selectively couple such 
capacitors, respective switches 255a and 255b are cou- 25 
pled between the capacitors and ground that are 
responsive to control signals transmitted on lines 241b 
and 241c. 

[0040] To transmit an FM signal, controller 1 1 0 selects 
the required carrier frequency by supplying frequency 30 
selection data on line 165 and supplying a frequency 
band select signal on line 203. To modulate the gener- 
ated carrier signal, controller 110 reads the data code 
from memory and supplies the data code to either 
switch 182 or switch 184 in frequency synthesis and 35 
control circuit 160 via lines 161 or 163. respectively. 
Controller 110 determines which switch 182 or 184 to 
apply the data code based upon the frequency band in 
which the carrier frequency falls. For example, the data 
code is supplied to switch 182 for low-band transmis- 40 
sions and to switch 184 for high-band transmissions. By 
altering one of switches 182 and 184 between conduc- 
tive and nonconductive states, an appropriate deviation 
frequency is introduced into the carrier signal generated 
by signal generating circuit 200 in correspondence with 45 
the data code read from memory. When the generated 
signal is an FM signal, amplitude modulation filter circuit 
220 is supplied with an AM modulation signal of con- 
stant value such that the signal generated by signal 
generating circuit 200 is not amplitude modulated. so 

System Operation 

[0041] Having described the trainable transmitter cir- 
cuit 100 of the present invention, a description of the 55 
operation thereof is provided below with reference to 
Figs. 7A-7D. As shown in Fig. 7 A, during initial start-up, 
controller 1 10 first clears RAM 1 16 (step 301) and per- 



forms an initial status inquiry of the hardware connected 
to controller 110 (step 303). Next, controller 1 10 deter- 
mines whether one of the switches (44. 46, or 47) has 
been actuated or whether any other user input signal 
has otherwise been received from user interface 120 
(step 305). If a switch has been actuated, controller 110 
looks for and reads any data contained in nonvolatile 
memory 1 18 stored in a location thereof corresponding 
to the channel associated with the actuated switch (step 
307). In step 309. controller 110 determines whether 
the trainable transmitter has been trained with respect 
to the selected channel. If the trainable transmitter has 
been trained, controller 110 transmits a signal B1 or B2 
depending upon the frequency band in which the carrier 
signal falls (step 311). The details of the manner in 
which trainable transmitter circuit 100 transmits a signal 
is described below with reference to Fig. 7D. 
[0042] If the trainable transmitter has not previously 
trained the channel associated with the actuated switch, 
controller 110 then determines in step 313 whether the 
associated channel memory has stored therein any 
default signal characteristics data. If default signal char- 
acteristics data is stored in the associated channel 
memory, controller 110 then determines whether the 
stored default data is data for a system manufactured by 
The Chamberlain Group, Inc. (step 31 7) or a system 
manufactured by Keeloq (step 319). Based upon this 
determination, the trainable transmitter of the present 
invention may generate different signals based upon the 
stored characteristics and/or associated cryptographic 
algorithm for subsequently transmitting a signal in the 
manner described below with reference to Fig. 7D. 
[0043] If the channel associated with the actuated 
switch has not been trained and does not have stored 
therein any default data, controller 110 enters a training 
mode (step 321) in which it performs the operations 
described below with reference to Figs. 7B and 7C. As 
shown in Fig. 7B, when controller 110 is in a training 
mode, it first transmits a signal on One 149 to filter 
bypass switch 148 causing switch 148 to bypass nar- 
row-band bandpass filter 150 (step 323). With narrow- 
band bandpass filter 1 50 bypassed, an intermediate fre- 
quency (IF) signal is passed to amplifier 152 and con- 
troller 1 10 for any received RF signal A having a carrier 
frequency within 455 kHz ± 400 kHz of the carrier fre- 
quency of the reference signal that is generated and 
applied to mixer 136 on line 221. Thus, to identify the 
carrier frequency of a received RF signal A, controller 
1 10 varies the carrier frequency of the reference signal 
until it detects a signal output from amplifier 152 on line 
153. 

[0044] More specifically, controller 110 reads fre- 
quency data included in a table stored in NVM 118 and 
outputs this frequency data on lines 165 and 203 to 
cause the signal generator to generate a reference sig- 
nal having a specified carrier frequency (step 325). The 
table of frequency data stored in NVM 118 preferably 
includes a list of frequency data corresponding to the 
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carrier frequencies known to be used in commercially- 
available garage door opening systems. In Europe, 
such carrier frequencies are 27, 30, 40, 418, and 433 
MHz. More precisely, the frequency data corresponds to 
carrier frequencies that are 455 kHz below the known 5 
carrier frequencies such that the carrier frequency of 
the generated reference signal is most likely to produce 
a detectable signal after passing through mixer 136 and 
filters 144 and 150. 

[0045] While the reference signal is generated and 
supplied to mixer 136, controller 110 samples the RSSI 
signal supplied on line 153 to A/D converter 112. Con- 
troller 1 10 then records the peak values of the received 
RSSI signal as well as the peak/Jaeak variations in the 
RSSI signal (step 327). In step 329, controller 110 
determines whether data has been received by deter- 
mining whether the recorded peaks of the RSSI signal 
exceed a threshold level or whether the peak/peak vari- 
ation exceeds a threshold.. If data is not present, control- 
ler 110 returns to step 325 to read the next set of 
frequency data from the frequency table stored in NVM 
118. Steps 325-329 are repeated stepping through 
each of the frequencies in the frequency table until con- 
troller 1 10 determines in step 329 that data is present 
on line 153. 

[0046] When controller 110 determines that data is 
present in step 329, controller 110 changes the fre- 
quency data applied on line 165 to cause the signal 
generator to generate a reference signal having a car- 
rier frequency that is increased by 910 kHz (2 x 455 
kHz) (step 331). If the previously-generated reference 
signal had a carrier frequency that was 455 kHz below 
the carrier frequency of the received RF signal A, data 
should once again be detected when the reference car- 
rier frequency is increased to be 455 kHz above the car- 
rier frequency of the received RF signal A since the 
difference between the frequencies of the reference sig- 
nal and the received RF signal would still be 455 kHz. 
Thus, to confirm the first reference frequency was 
below, rather than above, the carrier frequency of the 
received RF signal, controller 110 determines in step 
333 whether data is still present when the reference car- 
rier frequency is increased to then potentially be above 
the carrier frequency of the received RF signal. 
[0047] If, in step 333. controller 110 determines that 
data is no longer present, controller 110 checks whether 
it has generated reference signals at each frequency 
identified in the frequency table stored in NVM 118 (step 
335). If additional frequencies remain, controller 110 
gets the next frequency from the table (step 337) and 
returns to steps 323-329 to continue to look for data at 
the frequencies listed in the frequency table. If controller 
1 10 determines in step 335 that it has generated a ref- 
erence signal corresponding to each frequency stored 
in the frequency table, it checks in step 345 whether the 
data flag has been set (discussed below). If the data 
flag has not been set. controller 1 10 determines in step 
349 whether it has scanned through each of the fre- 



quencies identified in the frequency table a predeter- 
mined number of times. For example, the trainable 
transmitter may be configured to scan through the entire 
list of frequencies in the frequency table twenty times 
before determining that no signal is present to which the 
device may be trained. If there are scans left to perform, 
controller 110 gets the next frequency from the table in 
step 337 and returns to steps 323-329 to detect the 
presence of data. If there are no scans left to perform, 
controller 110 signals user interface 120 to indicate to 
the user that training was unsuccessful and then con- 
troller 110 enters a low-power sleep state until it subse- 
quently detects the actuation of a switch (step 351). 
[0048] When controller 110 detects the presence of 
data in step 329 and subsequently verifies its presence 
in step 333 after increasing the reference signal fre- 
quency to one above that of the received RF signal, 
controller 1 1 0 sets a data flag and saves the maximum 
values of the recorded peaks of the RSSI signal along 
with the maximum peak-to-peak variation of the value of 
the RSSI signal (step 339). In step 341, controller 110 
determines whether the detected data signal is AM or 
FM by determining whether the received RSSI signal 
has large maximum peak values with relatively low 
peak-to-peak variation values. If the RSSI maximum 
peak value is high and the peak-to-peak variation level 
is low, controller 110 sets an FM flag in step 343 identi- 
fying the received signal as an FM signal. If the FM flag 
has not been set, the received signal is assumed to be 
an AM signal. Next, controller 110 determines in step 
335 whether it has scanned through all the bands of fre- 
quencies identified in the frequency table and then 
checks in step 345, whether the data flag has been set. 
If the data flag had been set, controller 110 advances to 
step 347 in which controller 110 executes a routine to 
more precisely identify the carrier frequency of the 
received RF signal A. 

[0049] As shown in Fig. 7C. controller 1 1 0 begins this 
next routine by first checking whether the FM flag has 
been set indicating that the received signal is an FM sig- 
nal (step 353). If the signal is not an FM signal, control- 
ler 110 transmits a signal on line 149 to filter bypass 
switch 148 causing switch 148 to connect narrow-band 
bandpass filter 150 in series with wide-band bandpass 
filter 144 and amplifiers 146 and 152. Once the state of 
switch 148 has been changed in step 355 or when con- 
troller 110 determines in step 353 that an FM signal is 
present, controller 110 determines which frequency 
band is most likely to produce the signal by choosing 
that band that was selected when the maximum RSSI 
peaks were detected. Then, controller 110 sweeps the 
entire selected band at much smaller incremental steps 
of frequency to identify the precise frequency at which 
the maximum peak values for the received RSSI signal 
(step 357) were detected. Preferably, for AM signals and 
FM signals in the higher frequency band, controller 110 
increments the frequency of the reference signal 5 kHz 
at a time, whereas if the signal is an FM signal in the 
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lower frequency band, controller 110 increments the ref- 
erence carrier frequency at 1 .25 kHz steps. 
[0050] Once the entire band has been swept in step 
357. controller 110 retimes signal generator 159 to the 
reference carrier frequency that produced the maximum s 
peak levels of RSSI data as sensed at the input con- 
nected to line 153. Controller 110 then resets bypass 
switch 148 to bypass narrow-band bandpass filter 150 
in step 363 provided the received signal is an AM signal 
as determined in step 361 . w 
[0051 ] With the reference frequency set at a value that 
produces an RSSI input signal having the maximum 
peak levels, controller 110 analyzes the data output 
from AM and FM data slicers 154 and 158 to determine 
whether a received data signal corresponds to a valid is 
signal (step 365). This verification routine is preferably 
carried out by performing the steps of the VERIFY rou- 
tine disclosed in United States Patent No. 5.661.804. If 
controller 110 determines in step 365 that the received 
data signal is not valid, controller 110 returns to step 20 
337 (Fig. 7B) as indicated by connector 367. to select a 
different frequency from the frequency table in order to 
determine whether data is present at a different carrier 
frequency. 

[0052] If controller 1 1 0 determines in step 365 that the 25 
received data signal is valid, controller 110 executes an 
ENCODE routine in step 369 in order to encode the 
received data signal for efficient storage in RAM 116 
and NVM 118. Controller 110 selects the data signal 
received from FM data slicer 158 rf it has determined 30 
that the received signal is an FM signal, and encodes 
the signal received from the AM data slicer 154 if the 
received signal is an AM signal. Preferably, controller 
1 10 performs the ENCODE routine disclosed in United 
States Provisional Application No. 60/065,517 (unoffi- 35 
cial) (Attorney Docket No. PRI01 PP-725) entitled 
METHOD AND APPARATUS FOR STORING A DATA 
ENCODED SIGNAL, filed on November 12. 1997. by 
Kurt A. Dykema, in order to accommodate certain RF 
signals having long periods of dead time between data 40 
code words that are often transmitted by garage door 
opening transmitters commonly used in Europe. The 
entire disclosure of United States Provisional Applica- 
tion No. 60/065.517 (unofficial) (Attorney Docket No. 
PRI01 PP-725) is incorporated by reference herein. 45 
[0053] If controller 110 determines that the encoding 
of the data signal was successful (step 371), controller 
110 stores the encoded signal in NVM 118 (step 373) 
and transmits a signal to user interface 120 to cause 
user interface 120 to indicate to the user that training so 
has been successfully completed. In the event that an 
LED 48 is utilized in user interface 120. controller 110 
transmits a signal thereto causing LED 48 to rapidly 
Wink (step 375). If. in step 371. controller 110 deter- 
mines that the data signal was not successfully ss 
encoded, controller 110 returns to step 337 (Fig. 7B) as 
illustrated by connectors 367. 

[0054] In addition to storing the encoded data signal 



in NVM 118. controller 110 also stores in association 
therewith, the frequency data last used to control signal 
generator 159. Such data includes the frequency con- 
trol data output on line 165 as well as the frequency 
band select data output on line 203. Additionally, con- 
troller 1 10 stores a flag in association with the frequency 
data indicating whether the signal was identified as an 
AM or FM signal. As will be explained below, this stored 
information may be subsequently utilized to transmit a 
modulated signal having characteristics corresponding 
to those learned during the training mode for that partic- 
ular channel. In a similar manner, trainable transmitter 
circuit 100 may be used to learn and store the signal 
characteristics of additional signals. Such additional sig- 
nal characteristics would be stored in different locations 
of NVM 118 assigned to each different channel. 
[0055] Having described the routine for training the 
trainable transmitter to learn the characteristics of a 
received RF signal A. the routine performed to cause 
the trainable transmitter to transmit a signal having the 
learned characteristics is described below with refer- 
ence to Fig. 7D. As shown in Fig. 7D, in the transmit 
mode, controller 110 first reads the frequency band 
select data stored in NVM 1 18 in association with the 
channel corresponding to the activated switch (step 
401). If. in step 403. controller 110 determines that the 
carrier frequency of the signal to be generated is not in 
the lower frequency band, controller 110 outputs a high 
frequency band select signal on line 203 to bypass 
divide by 10 circuit 204 and to select high-band antenna 
240 through manipulation of antenna select switch 230 
(step 405). On the other hand, if controller 110 deter- 
mines that the carrier frequency of the signal to be gen- 
erated lies in the lower frequency band, controller 110 
outputs a low-frequency band select signal on line 203 
to select the output from divide by 10 circuit 204 and to 
select low-band antenna 250 (step 407). 
[0056] After selecting the appropriate antenna and 
configuring signal generating circuit 200 to the proper 
frequency band, controller 1 10 reads from the associ- 
ated channel memory, the frequency control data repre- 
senting the carrier frequency of the signal to be 
generated by VCO 202. Controller 1 10 then outputs this 
frequency control data on line 165 to PLL circuit 170 in 
frequency synthesis and control circuit 160 (step 409). 
In the manner described above, frequency synthesis 
and control circuit 160 and signal generating circuit 200 
cooperate and respond to the signals supplied on fines 
165 and 203 to generate a signal having a carrier fre- 
quency as specified by the frequency data supplied 
from controller 110. 

[0057] Next, controller 110 reads and transmits the 
appropriate amplitude control data to amplitude control 
circuit 210 via line 213 in order to adjust the amplitude 
of the generated signal to the maximum level for a signal 
having the selected carrier frequency as permitted in 
the country in which the trainable transmitter is to be 
operated (step 41 1). Also, controller 110 outputs a fre- 
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quency identification signal on line 241 to be received 
by antennas 240 and 250 for purposes of tuning these 
antennas to the optimum impedance level for transmis- 
sion of a signal at the selected frequency. Subsequently, 
controller 110 reads the AM/FM flag for the selected 5 
channel (step 413) so that it may subsequently deter- 
mine whether the signal to be transmitted is an AM or 
FM signal (step 415). If the signal to be transmitted is an 
AM signal, controller 110 reads and decodes the 
encoded data signal from NVM 118 and supplies the w 
data code to amplitude modulation/filter circuit 220 via 
line 223 (step 417). Amplitude modulation/fitter circuit 
220 responds to this data by modulating the amplitude 
of the signal received from amplitude control circuit 210. 
The modulated signal is then transmitted through 15 
antenna select switch 230 to the selected antenna 240 
or 250. Upon receiving the modulated signal, the 
selected one of antennas 240 and 250 transmits a sig- 
nal B1 or B2, respectively, to remotely actuated devices 
1 40 or 1 42. Two remotely actuated devices 1 40 and 1 42 2 o 
are shown in Fig. 5 to illustrate the existence of different 
devices having receivers tuned to respond to frequen- 
cies in a lower frequency band (device 142) and fre- 
quencies in a higher frequency band (device 140). 
[0058] If, in step 415, controller 110 determines that 25 
the signal to be transmitted is an FM signal, controller 
1 1 0 then determines in step 41 9 whether the carrier fre- 
quency is in the lower frequency band or in the higher 
frequency band. If the carrier frequency is in the lower 
frequency band, controller 1 10 reads and decodes the 30 
encoded data signal stored in NVM 118 and supplies 
the data signal to switch 182 via line 161 . The data sig- 
nal applied to switch 182 causes it to fluctuate between 
conductive and nonconductive states in response to the 
data signal thereby deviating the reference frequency 35 
supplied to PLL circuit 170. As the reference frequency 
received by PLL circuit 170 deviates between frequen- 
cies, PLL circuit responds by varying the voltage level 
applied on line 169 to VCO 202. VCO 202 responds to 
the varied voltage level by varying its output frequency. 40 
Because the data signal applied to switch 182 corre- 
sponds to the data signal obtained from frequency dis- 
criminator 156 and FM data slicer 158 when the 
received RF signal A is applied thereto, the frequency 
generated by VCO 202 during the transmit mode varies 45 
in the same manner as the received FM signal. Hence, 
a replicated FM signal may be generated and subse- 
quently transmitted using a selected one of antennas 
240 and 250. 

[0059] If controller 110 determines in step 4 1 9 that the 50 
frequency is in the higher frequency band, controller 
110 supplies the data signal read from NVM 118 to 
switch 184 via line 163 to introduce a different deviation 
frequency than that introduced when the data signal is 
supplied to switch 182 for frequencies in the lower fre- 55 
quency band. Clearly, if additional deviation frequencies 
are required to replicate a received FM signal, addi- 
tional switches and data supply lines may be provided to 



vary the reference frequency applied to PLL circuit 170 
by differing amounts. 

[0060] Although the above description does not explic- 
itly describe how the trainable transmitter learns and 
transmits a code that varies from one actuation to the 
next in accordance with a cryptographic algorithm, it will 
be appreciated by those skilled in the art that the teach- 
ings of United States Patent No. 5.661,804 may be 
readily incorporated within the device disclosed herein 
to enable it to learn and subsequently transmit such var- 
iable codes. Specifically, during the training mode, con- 
troller 110 would analyze the identified carrier frequency 
and data code of the received RF signal A once they 
have been identified to determine whether they corre- 
spond to characteristics of signals typically transmitted 
from commercially-available systems that utilize a cryp- 
tographic algorithm to vary the transmitted codes. 
Based on such an identification, controller 1 10 may then 
select one of a plurality of cryptographic algorithms that 
may be stored in NVM 118, for use in generating the 
variable data code to be subsequently transmitted by 
the trainable transmitter. More specifically, with the iden- 
tification of a particular cryptographic algorithm stored 
in memory and with an identification of the last transmit- 
ted code, controller 110 may determine the next code to 
be transmitted in accordance with that cryptographic 
algorithm upon actuation of an associated switch. The 
generated variable code is then supplied to either ampli- 
tude modulation/filter circuit 220 or frequency synthesis 
and control circuit 160 for modulation of a carrier signal 
having the learned carrier frequency. 
[0061 ] The above description is considered that of the 
preferred embodiments only. Modifications of the inven- 
tion will occur to those skilled in the art and to those who 
make or use the invention. Therefore, it is understood 
that the embodiments shown in the drawings and 
described above are merely for illustrative purposes and 
not intended to limit the scope of the invention, which is 
defined by the following claims as interpreted according 
to the principles of patent law. including the Doctrine of 
Equivalents. 

Claims 

1. A trainable transmitter for learning the characteris- 
tics of a received RF signal and for transmitting a 
modulated RF signal having the learned character- 
istics to a remote device, said trainable transmitter 
comprising: 

a receiver for receiving an RF signal; 
a controller coupled to said receiver for deter- 
mining whether the received RF signal is FM or 
amplitude modulated, identifying the character- 
istics of the received RF signal including an RF 
carrier frequency and data code as well as an 
indication whether the received RF signal is 
frequency or amplitude modulated, and storing 
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the identified signal characteristics; and 
a transmitting circuit coupled to said controller 
for receiving the stored signal characteristics 
and for generating and transmitting a modu- 
lated RF signal having the learned signal char- s 
acteristics. 

2. The trainable transmitter as defined in claim 1, 
wherein said controller determines whether the 
received RF signal is frequency or amplitude mod- w 
ulated based upon the peak amplitude and 
peak/peal amplitude variation of an RSSI signal 
derived from said received RF signal. 

3. The trainable transmitter as defined in claim 1, is 
wherein said transmitting circuit includes: 

a frequency control circuit coupled to said con- 
troller for generating frequency control signals 
in response to frequency control data received 20 
from said controller; and 
a signal generating circuit coupled to said fre- 
quency control circuit for generating an RF car- 
rier signal having a carrier frequency selected 
in response to the frequency control signal sup- 25 
plied from said frequency control circuit. 

4. The trainable transmitter as defined in claim 3, 
wherein said signal generating circuit includes: 

30 

a VCO coupled to said frequency control circuit 
for generating an RF signal having a carrier fre- 
quency corresponding to a voltage level of the 
frequency control signal supplied thereto from 
said frequency control circuit, the carrier fre- 35 
quency falling within a first frequency band; 
a frequency divider circuit coupled to said VCO 
for receiving the RF signal generated thereby 
and for outputting an RF signal having a carrier 
frequency that is a fraction of that of the RF sig- 40 
nal output from said signal generator, the car- 
rier frequency of the RF signal output from said 
frequency divider circuit falling within a second 
frequency band; and 

a signal selecting switch coupled to said con- 45 
trofler for selecting the RF signal generated by 
either of said VCO or said frequency divider in 
response to a frequency band select signal 
received from said controller. 

so 

5. The trainable transmitter as defined in claim 3, 
wherein said frequency control circuit includes a 
frequency modulator coupled to said controller for 
varying the frequency control signal supplied to 
said signal generating circuit in response to the ss 
data code supplied by said controller, and wherein 
said signal generating circuit responds to the vari- 
ance in the frequency control signal by deviating the 



frequency of the generated RF signal. 

6. The trainable transmitter as defined in daim 3, 
wherein said transmitting circuit further includes an 
amplitude modulator coupled to said signal gener- 
ating circuit and to said controller for selectively 
modulating the amplitude of the RF carrier signal 
generated by said signal generating circuit in 
accordance with the data code supplied from said 
controller. 

7. The trainable transmitter as defined in claim 3, 
wherein said transmitting circuit further includes an 
amplitude control circuit coupled to said controller 
and to said signal generating circuit for adjusting 
the amplitude of the RF carrier signal generated by 
said signal generating circuit in accordance with 
amplitude control data supplied by said controller. 

8. The trainable transmitter as defined in claim 3, 
wherein said transmitting circuit further includes: 

a first antenna adapted to transmit signals hav- 
ing carrier frequencies within a first frequency 
band; 

a second antenna adapted to transmit signals 
having carrier frequencies within a second fre- 
quency band; and 

an antenna select switch coupled between said 
signal generating circuit and said first and sec- 
ond antennas and coupled to said controller for 
selectively applying the generated RF signal to 
one of said antennas as selected by said con- 
troller, 

wherein said controller selects said first 
antenna if the carrier frequency of the gener- 
ated RF signal is within the first frequency 
band, and selects said second antenna if the 
carrier frequency of the generated RF signal is 
within the second frequency band. 

9. The trainable transmitter as defined in claim 1, 
wherein said receiver includes: 

a reference signal generator coupled to said 
controller for generating a reference signal; 
an antenna for receiving an RF signal from a 
remote transmitter; and 
a mixer coupled to said antenna and said refer- 
ence signal generator for receiving and mixing 
the received RF signal and said reference sig- 
nal to output a signal modulated with any data 
code present in the received RF signal and 
having a carrier frequency corresponding to a 
difference in carrier frequencies of the received 
RF signal and the reference signal. 

10. The trainable transmitter as defined in claim 9, 
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wherein said receiver further includes: 

a first bandpass filter coupled to said mixer for 
blocking signals output from said mixer that 
have carrier frequencies outside a first fre- 
quency pass band; 

a second bandpass filter coupled to said first 
bandpass filter for blocking signals output from 
said first bandpass fitter that have carrier fre- 
quencies outside a narrower second frequency 
pass band; and 

a bypass switch coupled to said first bandpass 
filter and to said controller for selectively 
bypassing said second bandpass filter in 
response to a filter select signal generated by 
said controller. 

11. The trainable transmitter as defined in claim 9, 
wherein said receiver further includes: 

a frequency discriminator coupled to said mixer 
for generating a binary signal corresponding to 
deviations in frequency of a received FM RF 
signal; and 

an FM data slicer coupled to said frequency 
discriminator and said controller for digitizing 
the binary signal and supplying the digitized 
signal to said controller. 

12. The trainable transmitter as defined in claim 9. 
wherein said receiver further includes an AM data 
slicer coupled to mixer and said controller for digitiz- 
ing a data code contained in a received amplitude 
modulated signal and supplying the digitized data 
code to said controller. 

13. A trainable transmitter for learning the characteris- 
tics of a received RF signal and for subsequently 
transmitting a modulated RF signal having the 
learned characteristics to a remote device, said 
trainable transmitter comprising: 

a receiver for receiving an FM RF signal; 
a controller coupled to said receiver for identify- 
ing and storing signal characteristics including 
the RF carrier frequency and code of the 
received FM RF signal; and 
a transmitting circuit coupled to said controller 
for receiving the stored signal characteristics 
and for generating and transmitting an FM RF 
signal having the learned signal characteris- 
tics. 

14. The trainable transmitter as defined in claim 13. 
wherein said transmitting circuit includes: 

a frequency control circuit coupled to said con- 
troller for generating frequency control signals 



in response to frequency control data received 
from said controller; and 
a signal generating circuit coupled to said fre- 
quency control circuit for generating an RF car- 
5 rier signal having a carrier frequency selected 

in response to the frequency control signal sup- 
plied from said frequency control circuit. 

15. The trainable transmitter as defined in claim 14. 
10 wherein said signal generating circuit includes: 

a VCO coupled to said frequency control circuit 
for generating an RF signal having a carrier fre- 
quency corresponding to a voltage level of the 

is frequency control signal supplied thereto from 

said frequency control circuit, the carrier fre- 
quency falling within a first frequency band; 
a frequency divider circuit coupled to said VCO 
for receiving the RF signal generated thereby 

20 and for outputting an RF signal having a carrier 

frequency that is a fraction of that of the RF sig- 
nal output from said signal generator, the car- 
rier frequency of the RF signal output from said 
frequency divider circuit falling within a second 

25 frequency band; and 

a signal selecting switch coupled to said con- 
troller for selecting the RF signal generated by 
either of said VCO or said frequency divider in 
response to a frequency band select signal 

30 received from said controller. 

16. The trainable transmitter as defined in claim 14, 
wherein said frequency control circuit includes a 
frequency modulator coupled to said controller for 

35 varying the frequency control signal supplied to 
said signal generating circuit in response to the 
data code supplied by said controller, and wherein 
said signal generating circuit responds to the vari- 
ance in the frequency control signal by deviating the 

40 frequency of the generated RF signal. 

17. The trainable transmitter as defined in claim 14, 
wherein said transmitting circuit further includes an 
amplitude control circuit coupled to said controller 

45 and to said signal generating circuit for adjusting 
the amplitude of the RF carrier signal generated by 
said signal generating circuit in accordance with 
amplitude control data supplied by said controller. 

so 18. The trainable transmitter as defined in claim 13. 
wherein said receiver includes: 

a reference signal generator coupled to said 
controller for generating a reference signal; 
55 an antenna for receiving an RF signal from a 

remote transmitter; and 

a mixer coupled to said antenna and said refer- 
ence signal generator for receiving and mixing 



13 



BNSOOCID: <EP 0926648A2J_> 



25 

the received RF signal and said reference sig- 
nal to output a signal modulated with any data 
code present in the received RF signal and 
having a carrier frequency corresponding to a 
difference in carrier frequencies of the received 5 
RF signal and the reference signal. 

19. The trainable transmitter as defined in claim 18. 
wherein said receiver further includes: 

10 

a frequency discriminator coupled to said mixer 
for generating a binary signal corresponding to 
deviations in frequency of a received FM RF 
signal; and 

an FM data slicer coupled to said frequency 15 
discriminator and said controller for digitizing 
the binary signal and supplying the digitized 
signal to said controller. 



26 

transmitting an amplitude-controlled output sig- 
nal. 

21. The trainable transmitter as defined in claim 20. 
wherein said controller determines the amplitude 
level based upon signal characteristics of the 
received activation signal. 

22. The trainable transmitter as defined in claim 21, 
wherein said controller determines the amplitude 
level based upon the detected RF carrier frequency 
of the received activation signal. 

23. A trainable transmitter for learning the characteris- 
tics of a received RF signal and for transmitting a 
modulated RF signal having the learned character- 
istics to a remote device, said trainable transmitter 
comprising: 
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20. A trainable transmitter for learning and transmitting 20 
an activation signal that includes an RF carrier fre- 
quency modulated with a code, said trainable trans- 
mitter comprising: 

a receiver for receiving an activation signal; 25 
a memory having a plurality of sets of ampli- 
tude control data stored therein, each set of 
amplitude control data including amplitude con- 
trol data representing different permissible 
amplitude levels for different countries in which 30 
the trainable transmitter may be operated; 
means for allowing the selection of one of said 
sets of amplitude control data based upon the 
country in which the trainable transmitter is to 
be operated; 35 
a controller operable in a learning and an oper- 
ating mode, said controller coupled to said 
receiver for generating and storing data corre- 
sponding to the RF carrier frequency and code 
of the received activation signal when in the 40 
learning mode, and, when in the operating 
mode, said controller provides output data 
which identifies the RF carrier frequency and 
code of the received activation signal and 
amplitude control data read from the selected 45 
set of amplitude control data stored in said 
memory; 

a signal generator coupled to said controller for 
receiving output data and generating a modu- 
lated RF carrier signal representing the so 
received activation signal; and 
an amplitude control circuit coupled to said sig- 
nal generator and to said controller for receiv- 
ing amplitude control data from said controller 
to selectively control the amplitude of the mod- 55 
ulated RF carrier signal received from said sig- 
nal generator at an amplitude level indicated by 
the received amplitude control data, and for 



a receiver for receiving an RF signal; 
a controller coupled to said receiver for identify- 
ing and storing the characteristics of the 
received RF signal including an RF carrier fre- 
quency and code; and 

a signal generating circuit coupled to said con- 
troller for receiving the stored signal character- 
istics and for generating and transmitting from 
an output terminal thereof, a modulated RF sig- 
nal having the learned signal characteristics, 
said signal generating circuit including: 

a variable frequency oscillator for generat- 
ing a carrier signal having a selected fre- 
quency within a first frequency band, and 
a frequency divider coupled between an 
output of said oscillator and said output ter- 
minal of said signal generating circuit for 
selectively dividing the frequency of the 
earner signal generated by said oscillator 
to provide a carrier signal having a 
selected frequency within a second fre- 
quency band that is lower than said first 
frequency band. 

24. The trainable transmitter as defined in claim 23, 
wherein said signal generating circuit further 
includes a signal selecting switch coupled to said 
controller for selecting the RF signal generated by 
either of sad VCO or said frequency divider in 
response to a frequency band select signal 
received from said controller. 

25. The trainable transmitter as defined in claim 23, 
wherein said VCO generates an RF signal having a 
carrier frequency selected from within a range of 
250 MHz to 450 MHz and said frequency divider 
outputs an RF signal having a earner frequency 
selected from within a range of 25 MHz to 45 MHz. 
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